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Cannabis sativa and the Endocannabinoid System

• It began with a plant called cannabis----
• Cannabis makes glandular trichomes, that in turn produce THC

• THC binds to a receptor, CB1 that also binds endogenous cannabinoids, the “endocannabinoids,” 
anandamide and 2-arachidonylglycerol.
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Cannabinoids: 3 Varieties
• Phytocannabinoids (Pate 1994): terpenophenolic 21-

C compounds found in the genus Cannabis (e.g., THC, 
CBD)

• Endocannabinoids (Di Marzo 1998): natural 
endogenous compounds binding cannabinoid receptors 
(e.g., anandamide) whose functions are: “relax, eat, 
sleep, forget and protect”

• Synthetic cannabinoids (e.g., ajulemic acid) that also 
affect cannabinoid receptors

Russo, E.B. 2008. Cannabinoids in management of difficult to control pain. Therapeutics & Clinical Risk Management 4(1):245-259. 



ECS: CB1 Activation, Synthesis, Catabolism
Endocannabinoid System (ECS): 
An internal homeostatic 
regulatory system in chordates 
with three components: 
1) Endocannabinoids   
(anandamide, 2-AG)
2) CB1, CB2& TRPV1 receptors
3) Their regulatory enzymes
Endocannabinoids are produced 
on demand, travel in retrograde 
fashion to inhibit 
neurotransmitter release.

Active and “inactive” components 
work together in an “Entourage 
Effect.”



CB1 Expression in Brain
CB1 is highly expressed in 
nociceptive areas, 
cerebellum, limbic 
system, basal ganglia and 
reward pathways.

Although prominent in 
the substantia nigra and 
periacqueductal grey 
matter, they are 
distributed in a limited 
fashion otherwise in the 
brainstem, and not in 
medullary respiratory 
centers.



The Endocannabinoid System (continued)
CB1 is the most abundant 
G-protein-coupled receptor in 
the brain, with a major 
neuromodulatory function.
Role characterized as, “relax, 
eat, sleep, forget and protect.” 
(Di Marzo, 1998)

Modulates pain, memory, 
movement, emotion, appetite,
emesis, seizure threshold, 
GI motility/secretion, et al.

James Brodie, 2012
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CB2 and Inflammation

CB2 is a mainly peripheral, 
immunomodulatory receptor 
with an important role in pain, 
inflammation and physiological
defense (Pacher 2011).

CB2 agonists also hold great 
promise in treatment of hepatic
fibrosis and related conditions.



CB1 and CB2 in Skin
Cannabidiol, in 
addition to its 
anti-inflammatory
and bacteriostatic 
effects, is a TRPV4 
agonist that 
works as a 
sebostatic agent 
in acne (Olah
2014).

TRPV4



ECS Stimulation
The ECS is active in 
cardiac and bone 
physiology.

Cannabidiol was 
recently 
demonstrated to 
stimulate bone 
fracture healing 
(Kogan et al. 2015)



Cannabis: Cardiovascular Issues
Cannabis in excess 

Tachycardia/Postural 
Hypotension

Rate of MI increased 4.8X in 1st h 
after cannabis smoking.

Mittleman, M. A. et al. 2001. Triggering 
myocardial infarction by marijuana. Circulation
103(23):2805-9.

THC metabolites in serum of 6 
younger cardiovascular deaths 
without evidence of other drugs.

Bachs, L., and H. Morland. 2001. Acute 
cardiovascular fatalities following cannabis use. 
Forensic Sci Int 124(2-3):200-3.

Maccarrone, M. et al. Endocannabinoid signaling at the periphery: 50 
years after THC. Trends Pharmacol Sci 36 (2015) 277-96.



Combemale, P., T. Consort, L. Denis-Thelis, J. L. Estival, M. Dupin, and J. 
Kanitakis. 2005. Cannabis arteritis. Br J Dermatol 152 (1):166-9.



Biochemical Mechanisms of Pain Control by Cannabinoids 
(endogenous or exogenous)

• Serotonergic
• Dopaminergic
• Anti-inflammatory
• Cannabinoid-Opioid Interactions
• Periaqueductal Gray Matter
• NMDA/Glutamate Receptors
• Substance P
• Synergy/Entourage Effect

James Brodie, 2012



Cannabinoid Analgesia
• The ECS is active in tonic fashion in control of pain (Richardson 1997)
• ECS functions in nociceptive areas of CNS:
• Integrative control of pain in PAG (Walker 1999)
• VPL where CBs 10-fold more potent than morphine in WDR neurons 

mediating pain (Martin 1996)
• ECS active in spinal cord pain mechanisms including NMDA (Hohmann 

1995, Richardson 1998) wind-up (Strangman 1999), and allodynia (Rahn
2007)

• ECS also active in periphery on pain, inflammation, hyperalgesia
(Richardson 1998), contact dermatitis and pruritis (Karsak 2007)

Russo, E.B. 2008. Cannabinoids in management of difficult to control 
pain. Therapeutics & Clinical Risk Management 4(1):345-259. 



Randomized Controlled Trials of nabiximols in Pain
N= Indication Duration/Type Outcome/References

20 Neurogenic  pain Series of 2-week N-of-1 
crossover blocks

Improvement with  high-THC extract and nabiximols on VAS pain vs. placebo 
(p<0.05), symptom control  best with nabiximols (p<0.0001)
[Wade et al. 2003]

24 Chronic intractable 
pain

12 weeks, series of N-of-1 
crossover blocks

VAS pain improved over placebo (p<0.001) especially in MS (p<0.0042)
[Notcutt et al. 2004]

48 Brachial Plexus 
Avulsion

6 weeks in 3 two-week 
crossover blocks

Benefits noted in Box Scale-11 pain scores with high-THC extract (p=0.002) and 
nabiximols (p=0.005) over placebo [Berman et al. 2004]

66 Central Neuropathic 
Pain in MS

5 weeks Numerical Rating Scale (NRS) analgesia improved over placebo (p=0.009)
[Rog et al. 2005]

125 Peripheral 
Neuropathic Pain

5 weeks Improvements in NRS pain levels (p=0.004), dynamic allodynia (p=0.042), and 
punctuate allodynia (p=0.021) vs. placebo [Nurmikko et al. 2007]

56 Rheumatoid Arthritis Nocturnal dosing for 5 
weeks

Improvements over placebo morning pain on movement (p=0.044), morning 
pain at rest (p=0.018), DAS-28 (p=0.002), and SF-MPQ pain at present (p=0.016)  
[Blake et al. 2006]

117 Pain after spinal injury 10 days NSD in NRS pain scores, but improved Brief Pain Inventory (p=0.032), and 
Patients Global Impression of Change (p=0.001) (unpublished)

177 Intractable cancer 
pain

2 weeks Improvements in NRS analgesia vs placebo (p=0.0142), THC extract NSD
[Johnson, 2010 #6899] 

135 Intractable lower 
urinary tract 
symptoms in MS

8 weeks Improved bladder severity symptoms including pain over placebo (p=0.001) 
(unpublished)

360 Intractable cancer 
pain

5 weeks/DB CRA of lower and middle dose cohorts improved over placebo 
(p=0.006)/GWCA0701)/ unpublished

Adapted from: Russo EB, Hohmann AG. Role of cannabinoids in pain management. In: Deer T, Gordin V, editors. 
Comprehensive Treatment of Chronic Pain by Medical, Interventional and Behavioral Approaches. New York: Springer. 2013:181-197.

Smoked 
cannabis
RCTs in pain 
total
3 patient-years

Nabiximols
RCTs and 
other 
monitoring 
total >6000 
patient-years



Nabiximols Cancer Pain Studies
• Two successful Phase 2 clinical trials completed and published:

JOHNSON, J. R., BURNELL-NUGENT, M., LOSSIGNOL, D., GANAE-MOTAN, E. D., POTTS, R. & FALLON, M. 
T. 2010. Multicenter, double-blind, randomized, placebo-controlled, parallel-group study of the efficacy, 
safety, and tolerability of THC:CBD extract and THC extract in patients with intractable cancer-related 
pain. J Pain Symptom Management, 39, 167-79.

PORTENOY, R. K., GANAE-MOTAN, E. D., ALLENDE, S., YANAGIHARA, R., SHAIOVA, L., WEINSTEIN, S., 
MCQUADE, R., WRIGHT, S. & FALLON, M. T. 2012. Nabiximols for opioid-treated cancer patients with 
poorly-controlled chronic pain: a randomized, placebo-controlled, graded-dose trial. J Pain, 13, 438-49.

• Both studies showed nabiximols to be efficacious and well-tolerated

• Plus long-term extension study:
Johnson, J. R.,  et al. (2013). An Open-Label Extension Study to Investigate the Long-Term Safety and 
Tolerability of THC/CBD Oromucosal Spray and Oromucosal THC Spray in Patients With Terminal 
Cancer-Related Pain Refractory to Strong Opioid Analgesics. J Pain Symptom Manage. 46(2):207-18. 

15



Previous Phase 2a Cancer Pain Trial

• Two week trial in European hospice population with opioid-
resistant pain

• Primary endpoint: Mean change in pain
using 0-10 NRS
– Nabiximols showed significant improvement

vs. placebo (p = 0.014)
• Responder analyses

– Continuous response: nabiximols significantly superior to placebo 
(p = 0.044)

– 30% response rate: 43% on nabiximols vs. 21%
on placebo (p = 0.006)

16



Odds ratios* in red are statistically 
significant
p-value relates to comparison of 
proportion of patients Sativex v Placebo

Responder Analysis (ITT)
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Continuous Response Analysis:
Comparison of Phase 2a and 2b Studies
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Mean Improvement in NRS Pain Score –
ITT Comparison of Phase 2a and 2b Studies

19Phase 2b nabiximols column consists of both 4 and 10 spray groups
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Nabiximols Efficacy: Multiple Sclerosis Clinical Trials
Study Code Study Details Key Efficacy Result P-value Reference

Phase II (Randomised, Double-Blind, Placebo Controlled Studies) 

GWN19902 Symptoms of MS and other nervous 
system conditions  (n=25)

Improvement in Spasticity
(VAS) 

<0.05 Wade DT et al.  Clin Rehab. 2003

GWMS0001 MS Symptoms (n=160) Improvement in Spasticity (VAS) 0.001 Wade DT et al.  Multiple Sclerosis 
2004 

Phase III (Randomised, Double-Blind, Placebo Controlled Studies) 

GWCL0403
MS, Spasticity  (n=337) Improvement in Spasticity (NRS) 

0.22 
0.035 (PP) 

Collin C et al.  Neurol Res. 2010

GWMS0106 MS, Spasticity  (n=189) Improvement in Spasticity (NRS) 0.048 Collin C et al.  Eur J Neurol. 2007

GWSP0604 MS, Spasticity (n= (A) -572, (B) -241) Improvement in Spasticity (NRS) p=0.0002 Novotna J et al.  Eur J Neurol 2011

GWSP0702
MS, Spasticity (n=36) 
Randomised Withdrawal Study Design

Time to treatment failure
(NRS) 

p=0.013 Notcutt W et al.  Multiple Sclerosis 
2011

GWSP1172 MS Spasticity (n=121) 12 month RCT GIC P<0.0001 ECTRIMS 2013

Long Term Extension Studies (Open Label)

GWMS0001 Open label extension study (n=137) Long term efficacy(NRS) N/A Wade DT et al. Mult Scler 2007

GWEXT0102 Open label extension study (n=507)
Long term efficacy(NRS) N/A 



Cannabis and Spasticity
• Muscle tone is under tonic control of the 

ECS
• CB1 agonists reduce spasticity, while 

antagonists such as SR141716A 
(Rimonabant) exacerbate it (Baker et al. 
2000).

• CB1 receptors are densely represented in 
cortical and basal ganglia areas sub-serving 
motor control and their corresponding 
cerebellar counterparts (Glass et al. 1997).

• Endocannabinoid functions are also 
prominent in interneurons of the spinal 
cord (Farquhar-Smith et al 2000) and 
neocortex (Bacci et al. 2004) that may relate 
to pathophysiological mechanisms of 
spasticity.

• Cannabis-based medicines are clinically 
effective treatments for spasticity in 
multiple sclerosis (Novotna et al. 2011, and 
many others).
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Koehler J (2014). Who benefits most from THC:CBD spray? Learning from 
clinical experience. European Neurology 71 Suppl 1: 10-15.

22

“Perhaps the most important finding
is the possibility of obtaining relevant 
Improvements in QoL/ADL in some patients
with resistant MS spasticity, allowing them
to engage back in physical and social
activities.” (p.10)

“For some patients the dosage of existing 
therapies might be reduced and this can
help minimise the impact of weakness---”
(p. 14)

(p. 13)



Clinical Endocannabinoid Deficiency

• Hypothesis: All humans have an 
underlying “endocannabinoid tone” that is 
a reflection of levels of AEA and 2-AG, 
their production, metabolism, and the 
relative abundance and state of 
cannabinoid receptors.

• Theory: In certain conditions, whether 
congenital or acquired, endocannabinoid 
tone becomes deficient, and productive of 
pathophysiological syndromes.



Clinical Endocannabinoid 
Deficiency (CED)

• Migraine
• Fibromyalgia
• Irritable bowel syndrome (IBS)
• Causalgia/allodynia/brachial plexopathy/phantom limb 

pain
• Infantile colic
• Glaucoma
• Dysmenorrhea
• Hyperemesis gravidarum
• Unexplained fetal wastage
• Post-traumatic stress disorder (PTSD)
• Bipolar disease

Russo EB. Clinical endocannabinoid deficiency (CECD): Can this concept explain therapeutic benefits of cannabis in 
migraine, fibromyalgia, irritable bowel syndrome and other treatment-resistant conditions? Neuroendocrinology 
Letters 2004.25(1-2):31-9. 
https://www.researchgate.net/publication/274389723_Russo_Clinical_Endocannabinoid_Deficiency_NEL_2004#share

https://www.researchgate.net/publication/274389723_Russo_Clinical_Endocannabinoid_Deficiency_NEL_2004#share


Comorbidity: Migraine, Fibromyalgia, IBS

A
Migraine

C
Irritable
Bowel

Syndrome

B
Fibromyalgi

a

A
B
C

All are 
hyperalgesic 
states, clinically 
diagnosed, with 
no characteristic 
tissue pathology 
nor lab 
derangements*

*A+B+C= anxious, 
depressed female 
diagnosed 
as “somatization 
disorder” by male MD

Primary headache co-
occurred in 97% of 
201 fibromyalgia 
patients (Nicolodi 
1996)

35.6% of 101 
transformed 
migraine/CDH 
subjects had 
fibromyalgia (Peres 
2001)

31.6% of IBS subjects 
had fibromyalgia; 32% 
of fibromyalgia 
subjects had IBS 
(Sperber 1999)

AB AC



Irritable Bowel Syndrome (IBS)
• While frequently assessed as a life-long condition 

(Clarke, 2012), it is clear that significant 
gastrointestinal insults such as food poisoning or 
antibiotic administration may generate attacks that 
persist, often indefinitely.

• The most frequent diagnosis in gastroenterology 
practices in the USA, with a prevalence in the Western 
world of 10-15% (Clarke, 2012). 

• No physical signs are pathognomonic, and even 
diagnostic procedures such as laboratory tests, 
including those for gluten enteropathy, colonoscopy, or 
barium studies most often fail to identify other causes 
(Russo, 2004), but more formal Rome criteria have 
been established (Clarke, 2012).  

• Those authors characterized it as (p. 409), “a disorder 
of unknown origin is being treated by agents with an 
unknown mechanism of action.” 

• Posited as a visceral hypersensitivity, with features 
gastrointestinal allodynia and hyperalgesia (Holzer, 
2001). 



Smid SD, et al. The endocannabinoids anandamide and 2-
arachidonoylglycerol inhibit cholingergic contractility in the human 

colon. Europ J Pharmacol 2007. 575(103):168-176. 

• Examined normal colon longitudinal and circular 
muscle from surgical specimens from 31 
patients

• AEA co-localizes with cholinergic receptors in 
normal human colon and inhibits cholinergic 
contractile potency of circular and longitudinal 
muscle via a non-CB1 mechanism, or an 
alternative cannabinoid mechanism (non-CB1, 
non-CB2)

• Suggested that the EC system is augmented 
and more functionally important in disease and 
inflammatory states (including IBS?)



ESFANDYARI, T., et al. 2007. Effects of a cannabinoid receptor agonist on colonic motor 
and sensory functions in humans: a randomized, placebo-controlled study. Am J 

Physiol Gastrointest Liver Physiol, 293, G137-45.

In an RCT of 52 normal patients 
taking single doses of 7.5 mg of THC 
vs. placebo, the drug increased colonic 
compliance (p=0.045), and inhibited 
postprandial colonic tone (p=0.048) 
and fasting and postprandial phasic 
pressure (p=0.008), with a trend 
toward relaxation of fasting colon 
tone (p=0.096). 



IBS/Cannabinoid Research
Mayo Clinic

• Genetic variation noted in 
endocannabinoid metabolism in IBS with 
diarrhea.

• THC (dronabinol) delayed colonic transit in 
subjects with CNRI rs806378 CT/TT 
genotype.

Wong BS, et al. Randomized pharmacodynamic 
and pharmacogenetic trial of dronabinol effects on 
colon transit in irritable bowel syndrome-diarrhea. 
Neurogastroenterol Motil. 2012;24(4):358-e169.

• A significant association (p=0.014) noted of 
same gene with colonic transit in IBS-D

• “CB1 receptor-related mechanisms modify 
colonic transit and sensation and may 
influence the development of symptoms in 
Caucasian patients with IBS, particularly 
IBS-D.”     p.G559

Camilleri M, et al.  Cannabinoid receptor     1 gene and 
irritable bowel syndrome: phenotype and quantitative 
traits. Amer J Physiol Gastroint Liver Physiol. 
2013;304(5):G553-60.



Rousseaux C, et al. (2007). Lactobacillus acidophilus modulates 
intestinal pain and induces opioid and cannabinoid receptors. Nature 

Medicine 13: 35-37.

A direct effect of Lactobacillus 
acidophilus NCFM strain via 
oral administration to induce 
CNR2 mRNA expression above 
that of resting human  HT-29 
epithelial cells (p<0.01) was 
demonstrated along with an 
enhancement of morphine 
antinociceptive effect in rats 
(p<0.001)  that was inhibited by 
administration of the CB2 
antagonist, AM-630 (p<0.001). 



Clarke G, et al. (2012). Review article: probiotics for the treatment of 
irritable bowel syndrome--focus on lactic acid bacteria. Alimentary 

pharmacology & therapeutics 35: 403-413.

• A review of human studies of probiotic 
supplements to treat IBS revealed 34/42 trials 
demonstrated beneficial effects for one or 
more endpoints or target symptoms (pain, 
discomfort, bloating, distention, laboratory 
parameters).

• Beyond improvement in distention and 
abdominal pain trials over 5-6 months 
treatment, LAB were responsible for 
“stabilization of the microbiota and were 
completed without any adverse effects.” (p. 
409)



Cluny NL, et al. (2015). Prevention of Diet-Induced Obesity Effects on 
Body Weight and Gut Microbiota in Mice Treated Chronically with 

Delta9-Tetrahydrocannabinol. PLoS One 10: e0144270.

• THC altered the microfloral balance in obese DIO mice affecting the 
Firmicutes:Bacteroidetes ratio (p=0.021) 

• THC prevent ratio increase or weight gain despite a high-fat diet 



Slavin J (2013). Fiber and prebiotics: mechanisms 
and health benefits. Nutrients 5: 1417-1435.

• Inulin and fructo-
oligosaccharides (FOS) are 
prebiotics:

• Resist gastric acidity and 
digestion in upper GI tract

• Fermented by intestinal 
microflora (1000 species)

• Selectively stimulate their growth 
and activity of Bifidobacteria and 
Lactobacilli, benefiting health 
and well-being.

• Ancient humans had 135 grams/d 
intake of inulin 

• Modern Western intake only several 
grams/d.

• Best sources: acacia fiber (gum 
arabic), chicory, burdock, sunchokes, 
onion, leek, garlic. 

• Prebiotics: reduce infectious 
diarrhea, alleviate IBD, reduce colon 
cancer risk, increase mineral 
absorption, lower cardiac risks, 
decrease obesity.



Calame W, et al. (2008). Gum arabic establishes prebiotic 
functionality in healthy human volunteers in a dose-dependent 

manner. British J Nutrition 100: 1269-1275.

The Senegalia senegal, pictured in a 
medicinal handbook: Franz Eugen 
Köhler, Köhler's Medizinal-Pflanzen
(1887)

"Gum Arabic exuding" by Ashwin Baindur (User:AshLin) –
Own work. Licensed under CC BY-SA 4.0 via Commons –
https://commons.wikimedia.org/wiki/File:Gum_Arabic_exuding.jpg#/media/File:Gum_Arabic_exuding.jpg

Dried exudate from Acacia senegal. High molecular weight 
heterpolysaccharide , 350-850 kDa.

Premier prebiotic, a non-digestible food ingredient that stimulates 
growth of beneficial colon bacteria. Enhances survival of probiotic 
bacteria.

Tested vs. inulin and placebo in 54 healthy volunteers over 4 weeks. 
Fecal samples tested for bacterial DNA via real-time PCR.

At 10 grams/d., gum arabic significantly increased Bifidobacteria over 
water 40-fold (p<0.01), and inulin 10-fold (p<0.05). It increased 
Lactobacilli 6-fold over water (p<0.05) and 7-fold over inulin (p<0.03). 
It also increased Bacteroides 2.5-fold over inulin (p<0.01).

Pathogenic bacteria were not increased; Clostridium difficile decreased 
(p<0.01)



Prebiotics Array

Gum Arabic, Acacia senegal       Chicory root, Cichorium intybus  Sunchokes, Helianthus tuberosus 

Dandelion greens, Taraxacum officinale Burdock, Arctium lappa  

Leek, Allium ampeloprasum 
Garlic, Allium sativum          Onion, Allium cepa           (all images, EBR)

35
Russo, E.B. (2016) Beyond cannabis: Plants and the endocannabinoid system. Trends in Pharmacological Sciences, (in press)



Schley M et al. Delta-9-THC based monotherapy in 
fibromyalgia patients on experimentally induced pain, axon 

reflex flare, and pain relief Curr Med Res Opin 2006. 
22(7):1269-76

• Uncontrolled study of 9 fibromyalgia 
patients receiving 2.5-15 mg THC daily 
over 3 months (placebo not allowed by 
Ethics Committee)

• 5 of 9 dropped out due to AEs
• 4 subjects who completed study showed 

no change in touch-evoked allodynia or 
pinprick-induced hyperalgesia, but 
prominent reductions in perceived pain 
(p<0.01)



Schley M et al. Delta-9-THC based monotherapy in fibromyalgia patients on 
experimentally induced pain, axon reflex flare, and pain relief.

Curr Med Res Opin 2006. 22(7):1269-1276.
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Skrabek RQ, et al. Nabilone for the treatment of pain in 
fibromyalgia. J Pain. 2008;9(2):164-73.

Evaluated 40 fibromyalgia 
patients 
with nabilone 1 mg BID 
(equivalent to 20 mg 
THC/day)

After 4 weeks, VAS of:
Pain
Fibromyalgia Impact 
Questionnaire
Anxiety
were all statistically 
significant 
improved vs. placebo 
(p<0.02)

Pain

FIQ

Anxiety



Ware MA, et al. The effects of nabilone on sleep in fibromyalgia: 
results of a randomized controlled trial. Anesth Analg. 

2010;110(2):604-10.

• Evaluated 31 patients with nabilone 
0.5-1 mg @ hs vs. amitriptyline 10-20 
mg @ hs

• Nabilone was superior to amitriptyline 
for sleep on Insomnia Severity Index

• However, no effects on pain, mood or 
quality of life (QOL) were noted



Fiz J, et al. Cannabis use in patients with fibromyalgia: 
effect on symptoms relief and health-related quality of life. 

PLoS ONE. 2011;6(4):e18440.

In 28 patients using cannabis vs. 28 
controls, “After 2 hours of cannabis use, 
VAS scores showed a statistically 
significant (p<0.001) reduction of pain 
and stiffness, enhancement of 
relaxation, and an increase in 
somnolence and feeling of well being. 
The mental health component summary 
score of the SF-36 was significantly 
higher (p<0.05) in cannabis users than 
in non-users.”



Efficacy of Medication in Fibromyalgia
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Cupini, L.M., et al. 2003. Abnormal degradation of 
endocannabinoids in migrainous women. Cephalalgia 23:684.

• Increased AEA membrane 
transporter and FAAH activity were 
observed in platelets of female 
migraine without aura pts. (MoA) 
vs. episodic tension HA pts. 
(ETTH) and controls.

• CB1R levels were equivalent in 
groups.

• Increased AEA degradation by 
platelets, and decreased blood 
levels may lower pain threshold in 
female migraineurs.



Akerman, S et al. 2003. Anandamide is able to inhibit trigeminal 
neurons using an in vivo model of trigeminovascular-mediated 

nociception. J Pharmacol Exper Therap 309 (1):56-63.

• AEA reduces dural vessel 
dilation by CGRP 30%, 
capsaicin 45% and NO 
40%.

• AEA works presynaptically 
to prevent CGRP-induced 
NO release in SM of dural 
arteries.

• AEA is tonically released 
and has a modulatory role 
in trigeminovascular 
system.  



Akerman S et al. Anandamide acts as a vasodilator of 
dural blood vessels in vivo by activating TPRV1 

receptors. Brit J Pharmacol 2004. 142:1354-1360. 

• AEA caused a dose dependent 
increase in dural vessel diameter 
attenuated by capsazepine (TRPV1 
antagonist) and CGRP8-37 (CGRP 
antagonist)

• Doses of AEA required were much 
above those activating CB1

• Repetitive dosing (as with CBD, 
another TRPV1  agonist) might 
fatigue mechanisms (as with 
capsaicin in peripheral neuropathic 
pain)



Akerman S et al. Cannabinoid (CB1) receptor activation inhibits 
trigeminovascular neurons. J Pharmacol Exp Ther 2007. 320(1): 

64-71. 

• WIN 55,212-2 inhibited 
trigeminocervical complex A and C-
fiber afferent activity (blocked by 
SR141716A)

• AEA did so only after TRPV1 
blockade (by capsazepine)

• Data suggests CB1-agonists have 
therapeutic potential in migraine, 
cluster HA, etc. (although authors 
feared psychoactive effects)



Sarchielli P et al. Endocannabinoids in chronic 
migraine: CSF findings suggest a system failure. 

Neuropsychopharmacology. 2007. 32(6):1384-90.
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Sarchielli P et al. Endocannabinoids in chronic migraine: CSF 
findings suggest a system failure. Neuropsychopharmacology. 2007. 

32(6):1384-90.

“Reduced AEA levels in the CSF of CM 
patients support the hypothesis of the 
failure of this endogenous CB system in 
CM, which seems to be related to 
increased CGRP and NO production in this 
pathological condition. This finding might 
be due to a failure of the inhibitory role of 
the endocannabinoid AEA on the 
trigeminovascular system activation---.”

p. 1387



Rossi C, et al. Endocannabinoids in platelets of chronic migraine 
patients and medication-overuse headache patients: relation with 

serotonin levels. Eur J Clin Pharmacol. 2008;64(1):1-8.

Both 2-arachidonylglycerol (2-AG) and anandamide (AEA) levels were 
markedly reduced in the platelets of migraine without aura (N=20) and 
chronic migraine patients (N=20) vs. controls (N=20) (P < 0.0001). 



Greco R, et al. Effects of anandamide in migraine: data from an 
animal model. J Headache Pain. 2011.

In an animal model of migraine, AEA 
significantly reduced neuronal activation 
in the nucleus trigeminalis caudalis and 
area postrema induced by nitroglycerin 
(NTG), while also inducing FOS 
(immediate early gene transcription 
factor) expression in paraventricular and 
supraoptic nuclei of the hypothalamus, 
parabrachial nucleus and in the 
periacqueductal grey, all findings that 
support that an endocannabinoid 
system dysfunction may lie at the 
root of migraine attack generation. 



JUHASZ, G., et al. 2009. Variations in the cannabinoid receptor 1 
gene predispose to migraine. Neurosci Lett, 461, 116-20.

• CB1 gene, CNR1mapped to 
chromosome 6q14-15, was linked to 
migraine via haplotypic tagging with 
high significance (p=0.008)

• Strongest linkage was to HT6 
haplotype (p=0.002), which correlated 
highly to migraine symptoms of 
photophobia > nausea > disability. 

• Migraineurs also showed greater 
degrees of ‘neuroticism’ (p<0.001), 
depression (p<0.001) and reported 
drug/alcohol abuse (p<0.005).



RHYNE, D. N., et al. 2016. Effects of Medical Marijuana on Migraine 
Headache Frequency in an Adult Population. Pharmacotherapy (in press)
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• An observational trial in Colorado. 
• 120 adults with migraine for whom cannabis 

prophylaxis was recommended, and of which 
67.8% had previously used cannabis, the 
frequency of headache diminished from 10.4 to 
4.6 attacks per month (p<0.0001) 

• 85.1% had decreased migraine frequency, with 
39.7% reporting positive effects: prevention of 
or reduced headache frequency (19.8%), or 
aborted headache (11.6%) 

• A selected and uncontrolled population 
employing a mixture of administration 
techniques with unanalyzed but presumably 
high-THC cannabis. 

P<0.0001



McPartland JM, Guy GW, Di Marzo V. Care and feeding of 
the endocannabinoid system: a systematic review of 

potential clinical interventions that upregulate the 
endocannabinoid system. PLoS One. 2014;9(3):e89566.

• Other human studies implicating CED:
– Neonatal failure to thrive (Fride 2002)
– Melancholic depression (Hill 2005)
– Psychosis (Giuffrida 2004)
– Multiple sclerosis (De Filippo 2008)
– Huntington disease (Allen 2009, Van Laere 2010)
– Parkinson disease (Pisani 2010)
– Anorexia (Gerard 2011)
– Chronic motion sickness (Chouker 2010)



Clinical Endocannabinoid Deficiency: 
Quo vadis?

• Further studies of IBS, fibromyalgia 
and migraine with serum (or better CSF) 
endocannabinoid level comparisons vs. controls

• Brain and spinal imaging for endocannabinoid 
levels in health and disease

• Search for common genetic markers of ECS 
regulation and dyscontrol

• Controlled clinical trials of cannabinoid 
medicines in these and other putative CED 
syndromes, preferably with enriched designs 
(e.g., randomized withdrawal).



CED, Parting Message, 2004
“Only time and the scientific method will 
ascertain whether a new paradigm is 
applicable to human physiology and 
treatment of its derangements. Our insight 
into these possibilities is dependent on the 
contribution of one unique healing plant; for 
clinical cannabis has become a therapeutic 
compass to what modern medicine fails to 
cure.”     p. 37

Russo EB. Clinical endocannabinoid deficiency (CECD): Can this concept explain therapeutic benefits of cannabis in 
migraine, fibromyalgia, irritable bowel syndrome and other treatment-resistant conditions? Neuroendocrin Lett
2004.25(1-2):31-9. 
https://www.researchgate.net/publication/274389723_Russo_Clinical_Endocannabinoid_Deficiency_NEL_2004#share
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Ultimately--- CED Therapeutics Beyond THC

• It is critical to understand that cannabis is a plant that modulates the 
endocannabinoid system (ECS), an innate homeostatic regulator of 
human physiology. Cannabidiol is a particularly promising 
therapeutic ECS modulator. 

• The ECS can also be influenced by lifestyle and dietary factors beyond 
cannabis.  Paramount among these would be low-impact aerobic 
exercise, and an anti-inflammatory/antioxidant diet, of proven value 
in CED syndromes.
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